Large area solar cells with efficiency exceeding 19% in pilot series designed for conventional module assembling  by Mohr, A. et al.
Energy Procedia 6 (2011) 1–5
Available online at www.sciencedirect.com
*Corresponding author. Tel.: +49(0)3494669952105; fax: +49(0)3494669954001. 
E-mail address: A.Mohr@q-cells.com 
SiliconPV: 17-20 April 2011, Freiburg, Germany 
Large area solar cells with efficiency exceeding 19% in pilot 
series designed for conventional module assembling 
A. Mohr*, S. Wanka, A. Stekolnikov, M. Scherff, R. Seguin, P. Engelhart, 
C.°Klenke, J.Y. Lee, S. Tardon, S. Diez, J. Wendt, B. Hintze, R. Hoyer, 
S.°Schmidt, J.W. Müller, P. Wawer 
Q-Cells-SE, Sonnenallee 17-21, 06766 Bitterfeld-Wolfen, Germany 
 
Abstract 
Performance, reliability and cost are the key parameters in terms of wafer material, solar cell design and module 
fabrication to transfer a new solar cell concept into production. In this paper we present results based on pilot series 
of large area (156 mm x 156 mm wafer format) passivated emitter and rear solar cells on Czochralski grown boron 
doped wafers. Median efficiencies above 19% averaged over 50 wafer batches are received. These high-efficiency 
cells benefit from a passivated lowly doped industrial emitter on the front side, a seed and plate front side 
metallization and a dielectric passivated rear side using local contacts for rear side contacting. In order to optimize 
cell performance in a large-scale solar cell production a careful selection of the Cz silicon material is mandatory 
taking into account the electrical quality along the whole ingot. Solar cell results are presented before and after light-
induced degradation using adjacent material along the complete ingot of different material supplier. Our passivated 
emitter and rear cells are conventionally solderable and can be integrated into a standard module assembling. The 
stability of our high-efficiency solar cells is shown by fabricating mini-modules that successfully pass standard 
climate chamber tests.  
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1. Introduction 
Standard industrial Al-BSF solar cells are limited by a high surface recombination velocity on the rear 
side and a low internal reflection. The passivated emitter and rear cell concept (PERC concept, [1]) 
benefits from a low rear surface recombination velocity and high internal reflection resulting in higher 
efficiencies than the Al-BSF solar cell technology. In the Reiner Lemoine Research Line at Q-Cells SE 
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we have implemented a pilot series fabrication consisting of a few hundred of such large area (156 mm x 
156 mm) mono-crystalline PERC solar cells on boron doped Cz silicon material per week. Median 
efficiencies of over 19% before light-induced degradation are reached. These PERC cells combine a 
highly efficient seed-and-plate front side technology developed at Q-Cells SE and a passivated rear side 
concept using local contacts developed in cooperation with Fraunhofer ISE. Best cells reach top 
efficiencies of over 19% after light-induced degradation. In this paper we present PERC solar cells results 
of the pilot series in the Reiner Lemoine Research Line, material investigation along the whole ingot of 
different boron doped Cz wafer suppliers and results of mini-modules tested in standard climate chamber 
tests.  
2. Cell design and cell results 
The presented high-efficiency cells benefit from a lowly doped emitter on the front side and a low 
temperature dielectric passivation layer on the rear side using laser fired local contacts [2] for the rear side 
metallization as shown in Figure 1. The front side metallization is realized by fine-line print in 
combination with plating.  
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Fig. 1. Schematic cross-section of the PERC solar cell design: On the front side a lightly doped passivated emitter is used. The rear 
side is passivated by a high quality dielectric layer and local contacts are used for rear side metallization. 
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Fig. 2. Over 19% median cell efficiencies averaged over 50 wafer batches were reached before light-induced degradation in the 
Reiner Lemoine Research Line between CW38 and CW40 at the end of 2010. 
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In the Reiner Lemoine Research Line several hundred PERC cells are processed per week. For cell and 
module development the batch sizes are around 50 wafers. In Figures 2 and 3 solar cell results are shown 
before light-induced degradation. Median cell efficiencies exceeding 19% were reached between calendar 
week 38 and 40 with top efficiencies as high as 19.5%. High median short-circuit current densities of 
37.9mA/cm2 are reached due to the optimized fine-line seed and plate front side metallization, the 
dielectric layer on the metalized rear side improving infra-red light trapping and the lowly doped emitter 
on the front side as shown in Figure 1. The combination of the emitter and the passivated rear side 
enables average open-circuit voltages of 645 mV. Up to now one of the best large area (156 mm x 156 
mm) PERC cell on boron-doped Cz material reaches a stable cell efficiency of 19.2% after 24 hours of 
light-induced degradation. This is independently confirmed by ISE Callab as shown in Table 1. 
Further optimization of the emitter and the metallization layout increases the short-circuit current and 
the open-circuit voltage. Due to the improvements median efficiencies of 19.5% averaged over around 50 
wafer batches are reached before light-induced degradation at the beginning of 2011 as shown in graph 4. 
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Fig. 3. High median short-circuit current densities of 37.9 mA/cm2 and high median open-circuit voltages of 645 mV were reached 
in 2010 (averaged over 50 wafer batches). 
Table 1. The table shows output parameters of a large area (156 mm x 156 mm) solar cell fabricated in the Reiner Lemoine 
Research Line before and after light-induced degradation (independently confirmed by ISE CalLab).  
Status A VOC JSC FF  
 [cm²] [mV] [mA/cm²] [%] [%] 
before degradation 238.97 649.9 38.6 78.3 19.5 
after degradation 238.97 643.9 38.4 77.9 19.2 
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Fig. 4. Further optimization of emitter and metallization layout results in median efficiencies of 19.5% before light induced 
degradation at the beginning of 2011. 
3. Material quality 
In order to optimize cell performance in a large-scale solar cell production a careful selection of the 
material is mandatory taking into account the electrical quality along the whole ingot. Especially the 
boron and oxygen concentration must be adjusted to optimize light-induced degradation, voltage potential 
and series resistance. Experimental results show the PERC cell concept is well suited for wafer 
resistivities from 1 Ohmcm to 2.5 Ohmcm. In Figure 5 and 6 the relative decrease of the cell parameters 
from top (around 2.5 Ohmcm) to bottom (around 1 Ohmcm) of an ingot of material supplier A and of 
material supplier B are shown before and after light-induced degradation. For material supplier A the 
averaged relative degradation of the efficiency is only 2.2%rel along the complete ingot independent of the 
wafer position.  
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Fig. 5. Relative degradation of efficiency, short-circuit current density and open-circuit voltage along an ingot of material supplier A 
from top (around 2.5 Ohmcm) to bottom (around 1 Ohm cm) before and after light-induced degradation. 
For material supplier B the relative efficiency losses due to light-induced degradation increase from 
bottom to top and the absolute values of the efficiency losses are considerable higher than the values for 
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material supplier A. The relative degradation of the efficiency is around 6%rel at top (around 2.5Ohmcm) 
and around 2.5%rel at bottom (around 1 Ohmcm) of the ingot. First investigations show that this may be 
induced due to a higher oxygen content in material B. For this reason a careful selection of the starting 
material for our cell concept is mandatory in order to reach efficiencies of around 19% in pilot series after 
light-induced degradation.  
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Fig. 6. Relative degradation of efficiency, short-circuit current density and open-circuit voltage along an ingot of material supplier B 
from top (around 2.5 Ohmcm) to bottom (around 1 Ohmcm) before and after light-induced degradation. 
4. Module testing 
For testing the mechanical stability of the PERC cells processed at Reiner Lemoine Research Line 
soldering and adhesion tests of front and rear side busbars were continuously tracked. Three continuous 
busbars are on the front side, on the rear side a pad busbar layout is used. Every rear side busbar consists 
of 6 pads. Peel forces above 2 Newton are reached allowing a conventional assembling of the solar cells 
into standard modules (see Figure 7). 
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Fig. 7. Soldering and adhesion tests of the front and rear- side busbars from calendar week 25 to calendar week 30. Due to 
optimisation of the metallization concept high peel forces above 2 Newton were reached from CW27. 
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In order to check the reliability of our high-efficiency solar cells mini-modules with four cells have 
been fabricated and standard climate chamber tests were done. The modules are conventional packaged 
interconnected assemblies of solar glass, EVA, solar cells, EVA and Tedlar. The power loss of these 
mini-modules shown in Figure 8 and Figure 9 is less than 5% after 1000 hours of damp heat testing and 
after 50 temperature cycles in combination with 10 humidity freeze cycles. The successful climate 
chamber tests show the stability of our large area solar cells interconnected and encapsulated with 
conventional module technology.  
 
 
 
Fig. 8. Photograph of exemplary mini-module before testing. Fig. 9. Photograph of exemplary mini- module after 1000 hours of 
damp heat testing. The power loss is less than 5%. 
5. Summary 
In this paper we show the high potential of passivated emitter and rear cell on large area (156 mm x 
156 mm) boron-doped Cz wafers in a pilot series reaching top efficiencies of 19.5% before and 19.2% 
after light induced degradation. 
In order to optimize cell performance in a large-scale solar cell production a careful selection of the 
material is mandatory taking into account the electrical quality along the whole ingot. Especially the 
boron and oxygen concentration must be adjusted to optimize light-induced degradation, voltage potential 
and series resistance. For this two different material supplier are investigated. The averaged relative 
degradation of the efficiency of one material supplier along the whole ingot is only 2.2%rel independent of 
the wafer position. 
Our passivated emitter and rear cells can be conventionally soldered and packaged in an assembly of 
solar glass, EVA, solar cells, EVA and Tedlar. The power loss of our tested mini-modules is less than 5% 
after 1000 hours of damp heat testing and after 50 temperature cycles in combination with 10 humidity 
freeze cycles. The successful climate chamber tests show the stability of our PERC cells.  
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